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Abstract Simple ketone starting materials with a halide leaving group and 
an alkene were prepared in one step and heated with glycine or glycine 
esters to promote a tandem imine formation, cyclization, and dipolar 
cycloaddition cascade. The chemistry was also feasible with acetylhydrazide. 
In each case a single stereoisomer of the tricyclic amine or pyrazolidine 
product was formed and the stereochemistry was verified by single crystal X-
ray diffraction. When the reaction with glycine, which occurs with loss of CO2, 
was unsuccessful, the cascade process could be promoted by cross 
metathesis to give the vinylsulfone starting material that provides a more 
reactive dipolarophile. Reductive cleavage of the pyrazolidine gave a 
spirocyclic diamine product. 	
Key words  Amines; Cyclization; Cycloaddition; Diastereoselectivity; Spiro 
compounds 
	
Intramolecular	 dipolar	 cycloaddition	 reactions	 of	 azomethine	
ylides	 are	 a	 popular	 method	 for	 the	 preparation	 of	 bicyclic	
amines.1–4	 A	 common	 approach	 is	 to	 heat	 an	 aldehyde	 with	 a	
secondary	 amine	 to	 give	 the	 intermediate	 iminium	 ion	 that	
either	loses	a	proton	adjacent	to	an	electron-withdrawing	group	
(such	 as	 an	 ester),	 or	 loses	 carbon	 dioxide,	 to	 give	 the	
azomethine	 ylide.5–10	 Intramolecular	 cycloaddition	 with	 a	
pendant	alkene	then	gives	the	bicyclic	pyrrolidine	product.		
Building	 on	 early	 work	 by	 Pearson	 and	 co-workers,11	 our	
research	 group	 has	 developed	 a	 simple	 approach	 to	 tricyclic	
amines	that	involves	dipolar	cycloaddition	chemistry	as	part	of	a	
cascade	 process.12	 Typically	 an	 aldehyde	with	 a	 leaving	 group	
such	as	a	 chloride	or	bromide	 in	 the	4-	or	5-position	 is	heated	
with	 a	 primary	 amine.	 This	 promotes	 cyclization	 of	 the	
intermediate	 imine	 to	 give	 an	 iminium	 ion	 and	 hence	 an	
azomethine	 ylide	 that	 undergoes	 a	 dipolar	 cycloaddition	
reaction.	This	cascade	process	can	occur	 in	a	single	pot	 to	give	
tricyclic	 products	 from	 acyclic	 starting	materials.12–17	We	 have	
applied	 the	 chemistry	 to	 the	 synthesis	 of	 several	 alkaloids	
including	 aspidospermidine	 and	 quebrachamine.12	 Other	
researchers	have	studied	similar	chemistry,	in	which	cyclization	
of	 the	 imine	 occurs	 by	 reactions	 such	 as	 conjugate	 addition	 to	
give	 the	 1,3-dipole	 that	 undergoes	 intramolecular	
cycloaddition.18–23		
Recently,	we	 have	 achieved	 such	 a	 successful	 cascade	 process,	
involving	 cyclization	 and	 dipolar	 cycloaddition,	 with	 ketone	
starting	 materials	 instead	 of	 aldehydes	 on	 heating	 with	
hydroxylamine	 (Scheme	 1).24	 The	 chemistry	 proceeds	 by	




With	 the	 current	 medicinal	 chemistry	 interest	 in	 three	
dimensionally	 rigid	structures,	particularly	nitrogen-containing	
heterocycles	such	as	spirocyclic	amines,25	we	were	interested	to	
obtain	 further	 examples	 of	 this	 cascade	 methodology.	 This	
paper	 describes	 the	 extension	 of	 the	 nitrone	 cycloaddition	
chemistry	 to	 the	 preparation	 of	 tricyclic	 amines	 and	
pyrazolidines	 by	 cycloaddition	 of	 azomethine	 ylides	 and	
azomethine	imines.		
 
Scheme 1 Cascade condensation, cyclization, cycloaddition of ketone 1 to 
give tricyclic product 2.
24 
The	 ketone	1	 was	 prepared	 in	 a	 single	 step	 by	 addition	 of	 4-
pentenyl	 magnesium	 bromide	 to	 4-chlorobutanoyl	 chloride	
according	 to	 the	 literature.24	 Heating	 this	 ketone	 with	 glycine	
methyl	 ester	 gave	 the	 desired	 tricyclic	 product	 3	 as	 a	 single	
stereoisomer	(Scheme	2).	We	found	that	the	yield	was	improved	
from	 33%	 to	 53%	 by	 addition	 of	 excess	 magnesium	 sulfate	
drying	 agent.	 This	 presumably	 helps	 to	 form	 a	 higher	
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Scheme 2 Synthesis of the tricyclic amine 3. 
The	 stereochemistry	 of	 the	 product	 3	 was	 determined	 by	
reduction	 of	 the	 ester	 to	 give	 the	 alcohol	 4,	 followed	 by	
acylation	 to	 give	 the	 ester	 5	 (Scheme	 3).	 Single	 crystal	 X-ray	
analysis	of	the	hydrochloride	salt	of	the	ester	5	revealed	that	the	
ester	 group	 was	 cis	 to	 the	 ring	 junction	 proton,	 hence	 the	
stereochemistry	 as	 drawn	 (Figure	 1).	 This	 implies	 that	 the	




Scheme 3 Synthesis of the alcohol 4 and ester 5. 
 
Figure 1 X-ray crystal structure of ester 5·HCl. 
Unfortunately,	 the	 chemistry	 was	 not	 amenable	 to	 the	 use	 of	
alanine	methyl	ester	under	the	same	conditions.	In	this	case	the	
ketone	 1	 was	 consumed	 but	 no	 desired	 product	 could	 be	
isolated.	 Additionally,	 no	 product	 was	 isolated	 on	 heating	 the	
ketone	 1	 with	 glycine.	 To	 help	 promote	 the	 chemistry,	 we	
converted	the	ketone	1	to	the	ketone	6	by	cross	metathesis	with	
phenyl	 vinyl	 sulfone	 (Scheme	4).	We	were	pleased	 to	 find	 that	
heating	the	ketone	6	with	glycine	did	give	the	desired	product	7.	
As	 expected,	 we	 isolated	 only	 one	 stereoisomer	 and	 the	




Scheme 4 Synthesis of the ketone 6 and cycloadduct 7. 
In	contrast	to	the	ketone	1,	the	ketone	8	(prepared	as	reported	
in	the	literature)24	allowed	successful	condensation,	cyclization,	
cycloaddition	 with	 glycine	 to	 give	 the	 product	 9	 (Scheme	 5).	
This	reaction	required	switching	to	the	solvent	DMF,	as	the	use	
of	toluene	gave	only	recovered	ketone	8.	The	more	polar	solvent	




angles	 due	 to	 the	 sp2	 nitrogen	 atom	 in	 the	 chain.	 The	 cascade	




Scheme 5 Cycloadditions with the ketone 8. 
We	 also	 investigated	 the	 cascade	 chemistry	with	 hydrazines.26	
Heating	ketone	1	with	TsNHNH2,	BocNHNH2	or	PhNHNH2	 gave	
decomposition	 and	 heating	 with	 benzylhydrazine	 gave	 the	
hydrazone	 11	 (Scheme	 6).	 However,	 we	 were	 pleased	 to	 find	
that	AcNHNH2	was	successful	and	led	to	the	tricyclic	product	12.	
In	 a	 similar	 way,	 the	 homologous	 ketone	13	 (prepared	 in	 the	
same	way	as	the	ketone	1)24	and	the	ketone	8	were	heated	with	
AcNHNH2	to	give	the	pyrazolidine	products	14	and	15.	
Unfortunately,	 attempts	 to	 carry	 out	 the	 cascade	 chemistry	
using	glycine	or	glycine	methyl	ester	failed	with	the	ketone	13.	
In	 all	 attempts,	 only	 recovered	ketone	13	was	 isolated.	This	 is	
surprising	 given	 that	 the	 related	 cascade	 process	 with	 ketone	
13	 and	 hydroxylamine	was	 successful.24	 A	 possible	 reason	 for	
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Scheme 7 Ring-opening to give the spirocyclic amine 16. 
In	 conclusion,	 we	 have	 demonstrated	 that	 simple	 ketones	 can	
undergo	 a	 cascade	 of	 reactions	 involving	 condensation	 with	
glycine,	a	glycine	ester,	or	AcNHNH2	followed	by	cyclization	with	
displacement	 of	 a	 chloride,	 followed	 by	 in	 situ	 intramolecular	
dipolar	 cycloaddition.	 A	 selection	 of	 tricyclic	 products	 was	
obtained	 with	 complete	 regio-	 and	 stereoselectivity.	 Ring-
opening	 of	 the	 pyrazolidine	 product	 could	 be	 achieved	 with	
borane	to	give	a	spirocyclic	amine	with	defined	stereochemistry.	
These	 results	 could	 find	 use	 for	 the	 formation	 of	 rigid,	 low	
molecular	weight	scaffolds	in	drug	discovery.		
	
All	 experiments	 were	 carried	 out	 under	 an	 atmosphere	 of	 nitrogen	 or	
argon	with	 dry	 glassware	 and	 stirring.	 Solvents	 were	 obtained	 from	 a	
Grubbs	dry	solvent	system	(model:	SPS-200-6	or	SPS-400-6).	Reactions	
were	 monitored	 by	 using	 TLC	 plates	 that	 were	 obtained	 from	 Merck	
(silica	 gel	 60	 F254).	Melting	 points	were	 recorded	 on	 a	 Gallenkamp	hot	
stage.	IR	spectra	were	measured	on	a	Perkin	Elmer	Spectrum	RX	Fourier	
Transform	–	 IR	System	and	only	selected	peaks	are	 reported.	A	Bruker	
AC400	 spectrometer	 was	 used	 for	 1H	 and	 13C	 NMR	 spectra.	 Peak	
multiplicity	 is	 indicated	as	 follows:	 s	 (singlet),	d	 (doublet),	 t	 (triplet),	q	
(quartet),	quin	(quintet),	m	(multiplet),	and	 J	values	are	given	 in	Hertz.	
The	 X-ray	 crystal	 structure	 was	 obtained	 using	 a	 Bruker	 D8	 Venture	





Ketone	 124	 (200	 mg,	 1.15	 mmol),	 glycine	 methyl	 ester	 hydrochloride	
(216	mg,	 1.72	mmol),	N,N-diisopropylethylamine	 (0.6	mL,	 3.44	mmol)	
and	MgSO4	(1	g)	were	heated	in	toluene	(14	mL)	at	110	°C	for	17	h.	The	
mixture	was	allowed	 to	 cool	 to	 room	 temperature	and	 the	 solvent	was	














3	 (258	 mg,	 1.23	 mmol)	 in	 THF	 (21	 mL)	 at	 0	 °C.	 After	 1	 h,	 aqueous	
saturated	NaHCO3	(3	mL)	and	water	(3	mL)	were	added	and	the	mixture	
was	 allowed	 to	 warm	 to	 room	 temperature.	 The	 mixture	 was	 filtered	
















2.26	mmol)	 in	CH2Cl2	 (13	mL)	were	added	 to	4-bromobenzoyl	chloride	









IR	 (cm–1)	 2948,	 2858,	 1718,	 1589,	 1396,	 1265,	 1104,	 1070,	 1012,	 846,	
753.	
1H	NMR	(400	MHz,	CDCl3)	δ	=	7.94	(2H,	d,	J	=	8.5	Hz),	7.60	(2H,	d,	J	=	8.5	
Hz),	 4.66–4.42	 (2H,	m),	 3.59	 (1H,	 td,	 J	 =	 12,	 6	 Hz),	 2.99–2.85	 (1H,	m),	
2.74–2.61	(1H,	m),	2.17	(1H,	q,	J	=	7.5	Hz),	2.03–1.60	(9H,	m),	1.58–1.23	
(3H,	m).	
13C	NMR	 (100	MHz,	 CDCl3)	 δ	 =	 166.0,	 131.7,	 131.3,	 129.0,	 128.1,	 82.0,	
65.3,	59.3,	50.1,	47.9,	42.0,	40.8,	33.9,	33.7,	26.4,	26.3.	
iPr2NEt, PhMe
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HRMS	 (ESI)	 calculated	 for	 C18H2279BrNO2:	 364.0907	 (M+H);	 found:	














was	 evaporated	 and	 the	 product	 was	 purified	 by	 column	
















Glycine	 (43	mg,	 0.57	mmol)	was	 added	 to	 the	 ketone	6	 (154	mg,	 0.29	
mmol)	in	DMF	(4	mL)	and	the	mixture	was	heated	at	120	°C.	After	17	h	
the	 mixture	 was	 cooled	 to	 room	 temperature	 and	 the	 solvent	 was	
evaporated.	 Purification	 by	 column	 chromatography,	 eluting	 with	


















the	 mixture	 was	 cooled	 to	 room	 temperature	 and	 the	 solvent	 was	






6.5	Hz),	3.14‒3.05	 (1H,	m),	2.73‒2.55	 (2H,	m),	2.47‒2.38	 (1H,	m),	2.07	
(1H,	td,	J	=	13.0,	7.0	Hz),	1.93‒1.77	(4H,	m),	1.77–1.65	(1H,	m).		
13C	 NMR	 (100	 MHz,	 CDCl3,	 50	 °C,	 rotamers)	 δ	 =	 154.7,	 137.1,	 128.4,	
127.8,	127.7,	80.6,	66.7,	59.1,	55.4,	55.1,	50.8,	47.9,	36.8,	31.8,	26.4.		






ketone	 824	 (128	 mg,	 0.41	 mmol)	 and	N,N-diisopropylethylamine	 (0.21	
mL,	1.23	mmol)	in	toluene	(5	mL)	and	the	mixture	was	heated	to	110	°C.	
After	17	h,	the	mixture	was	cooled	to	room	temperature	and	the	solvent	


















Benzylhydrazine	 dihydrochloride	 (222	 mg,	 1.14	 mmol)	 and	 N,N-
diisopropylethylamine	 (0.75	mL,	4.30	mmol)	were	added	 to	 the	ketone	
124	 (166	mg,	0.95	mmol)	 in	PhMe	(14	mL)	and	the	mixture	was	heated	
under	 reflux.	 After	 17	 h	 the	 mixture	 was	 allowed	 to	 cool	 to	 room	



































was	 evaporated.	 Purification	 by	 flash	 column	 chromatography,	 eluting	
with	CH2Cl2–MeOH	(98:2),	gave	the	amide	14	(90	mg,	45%)	as	an	oil:	
Rf	0.37	[CH2Cl2–MeOH	(9:1)].	












mg,	 0.96	 mmol)	 in	 PhMe	 (14	 mL)	 and	 the	 mixture	 was	 heated	 under	
reflux.	After	17	h,	the	mixture	was	cooled	to	room	temperature	and	the	







3.55	 (1H,	m),	3.55–3.43	 (2H,	m),	3.43–3.28	 (2H,	m),	2.74–2.64	 (2H,	m),	
2.14	(3H,	s),	2.10–1.99	(2H,	m),	1.99–1.83	(2H,	m).	
13C	 NMR	 (100	 MHz,	 CDCl3,	 50	 °C,	 rotamers)	 δ	 =	 171.5,	 154.4,	 136.7,	







0.22	 mmol).	 The	 mixture	 was	 heated	 under	 reflux	 for	 17	 h	 and	 was	
cooled	to	room	temperature.	MeOH	(10	mL)	was	added	and	the	solvent	
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